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HFC-134a is used as working fluid in refrigerators widely. However, how to improve the 
efficiency of compressor and refrigerator is major topic in the word. The purpose of this study is 
aimed at the performance evaluation of compressors with different viscosity of POEs oil. 
A hermetic reciprocating compressor using HFC-134a as refrigerant was adopted and the 
experimental investigation was carried out on a calorimeter. Four type of viscosity of POEs oil  and 
three test conditions having different compression ratios were used. The results indicated the 
viscosity of lubricants influenced refrigerant mass flow rate, cooling capacity, input power, E.E.R. 
and discharge temperature at different operation conditions of the compressor, the range of variation 





2i : Enthalpy of refrigerant inlet of the 
evaporator eq
& : Cooling capacity 
3i : 
Enthalpy of refrigerant at intake of the 
compressor 
V& : Piston displacement of the reciprocating 
compressor in volume per unit of time 
3′i : Enthalpy of refrigerant at outlet of the 
evaporator shW
& : Mean shaft power input 
4i : Enthalpy of refrigerant at outlet of the 
compressor 
mη : Mechanical efficiency of the 
compressor 
m& : Refrigerant mass flow rate 





Energy efficiency is becoming an increasingly important consideration in the refrigeration and 
 
air conditioning systems for environmental protection in the world. HFC-134a has been used in 
many domestic refrigeration appliances as a transitional working fluid, which is an alternative to the 
ozone depleting refrigerant CFC-12. But different lubricant has a significant impact on the 
performance of hermetic compressors that use HFC-134a refrigerant (B. C. Na et al., 1997). In most 
cases, the most significant lubricant property is the viscosity, which impacts on the power 
consumption of refrigeration compressor for lubricant transportation and overcoming viscous drag 
in hydrodynamically lubricated contacts (S. Boyde et al., 2000). 
According to the chemical structure, POEs lubricants are broadly divided into linear type and 
branched chain type. While the linear type excels in lubricity, it is inferior to the branched chain 
type in mutual solubility, hydrolytic stability, and corrosion resistance (JARN, 2000). But 
reciprocating compressors used in HFC refrigerant with low casing pressure works with linear-type 
of POEs oil widely, because these type of oil produced more easily and low cost. 
Base on the performance of a hermetic reciprocating compressor using HFC-134a and 
linear-type POEs oil of ISO VG 22, carried out the experiments on a calorimeter to investigate the 
performance comparisons between this compressor using different viscosity of linear-type of POEs 





Figure 1 shows the schematic diagram of a hermetic reciprocating compressor using HFC-134a 
as the refrigerant and adopted in this study. The specifications of the compressor have shown as 
Table 1. Table 2 and Table 3 show the properties of lubricants and operational conditions of 
compressor in this study, respectively. Twelve tests have been carried out on a calorimeter for the 
performance evaluation of compressor used in refrigerator and operated at three conditions (I, II, III,) 
with four viscosities of POEs lubricants (Ester A, Ester B, Ester C, Ester D) that mentioned above. 
The compression ratios of these three operating conditions of I, II, III, are 7.5, 12.7, 16.7, which 
represented low, standard and high compression ratio cycle (LCR, STD, HCR), respectively. Figure 
2 indicated the pressure-enthalpy states of the three cycles in this study. The mid-point viscosity of 
these four lubricants at 40℃ are 22, 15, 10, 6.8, individually (J. Frene et al., 1997). 
Details of the compressor performance are measured in this investigation that included cooling 




RESULTS AND DISCUSSIONS 
 
The results of experimental investigation of this study has been summarized as follows: 
1. At same viscosity of POEs filled in the compressor, the compression ratio of compressor 
increased, the mass flow rate, cooling capacity, input power, discharge temperature and the E.E.R. 
of compressor decreased respectively. These data can be understood easily from the basic 
characteristics of compressor with constant positive displacement. Figure 3 ~ Figure 7 showed 
 
the test results. 
(1) The basic equation of the real single-stage cycle as:(F. C. McQuiston et al., 2000), 
A. )( 23 iimqe −×= ′&& , where eq& , m& , 3′i , 2i  represent cooling capacity, refrigerant mass 
flow rate, enthalpy of refrigerant at outlet and inlet of the evaporator, respectively. 
B. msh iimW η)( 34 −×= && , where shW& , 4i , 3i  and mη  mean shaft power input, enthalpy of 
refrigerant at outlet and intake of the compressor, and mechanical efficiency individually. 
The shaft power input shW&  is directly related to power consumption of the compressor. 
C.In the equilibrium system, according to conservation of mass, Vm && ×= ρ , where ρ  is 
density of refrigerant at intake of compressor and V&  is the piston displacement in 
volume per unit of time, here is operated at constant speed with AC motor. 
(2) From the comparisons between I, II and III test conditions of Figure 2, the compression 
ratio of compressor increased, the compressor suction pressure dropped down and density 
of refrigerant at compressor intake reduced rapidly. By the equation mentioned above, 
refrigerant mass flow rate decreased quickly when the piston displacement in volume per 
unit of time of the compressor is constant. 
(3) Consequently, cooling capacity and shaft power input decreased fast with increase of 
compression ratio, although the slightly rising of difference of refrigerant’s enthalpy at exit 
and entrance of evaporator and compressor. 
(4) The E.E.R. decreased with increasing of compression ratio in the compressor. Because the 
value of decreasing ratio of power consumption with rising of compression ratio is less 
than the cooling capacity decreasing ratio of this compressor operated at same viscosity of 
POEs. 
(5) When the compression ratio increase, the heat generated by the motor coil in hermetic 
compressor reduces significantly because input power dropped much as mentioned above. 
Therefore, the discharge temperature dropped down after the cooling of oil spray in 
hermetic compressor.  
2. Different viscosity of lubricants filled in the compressor and operated at same condition, Figure 3 
~ Figure 7 depict the important messages as bellows: 
(1) The viscosity of POEs lubricant decreased, the refrigerant mass flow rate reduced. The 
decreasing variation between maximum and minimum value are 1.31%, 1.53% and 2.14% 
under I, II and III test conditions, respectively. This result shows as Figure 3 and implies 
that the lower viscosity of lubricants decrease the sealing capability between piston and 
cylinder of reciprocating compressor resulting the leakage of refrigerant and the effect is 
more obviously when the compression ratio of compressor is increased. 
(2) In the mean time, the cooling capacity decreased with viscosity decreased of compressor 
due to mass flow rate reduced in each operational condition. The decreasing ratios are 
1.28%, 1.48% and 2.17% at I, II and III test conditions, respectively. Figure 4 shows the 
trend of above mention. 
(3) Figure 5 depicts the influences of power consumption with lubricant viscosity variation of 
compressor in this study. In the same test condition, the viscosity decrease, the input power 
of compressor reduces. The decreasing ratio are 4.23%, 3.23% and 4.69% under I, II and 
 
III test conditions, respectively. These data depict the value of decreasing ratio of power 
consumption with lower viscosity of POEs oil is more than the cooling capacity decreasing 
ratio of this compressor that operated at same condition. 
(4) Therefore, the E.E.R. increased with lower viscosity of POEs lubricant in the compressor 
as Figure 6 shows. At LCR test condition, the Easter D of ISO VG 7 can improve the 
E.E.R. ratio of compressor to maximum value 2.76%. However, under II and III test 
conditions, the maximum E.E.R. are occurred at the use of the Easter C of ISO VG 10 and 
the improvement percentage of E.E.R. are 1.92% and 2.6% respectively. 
(5) Although the E.E.R. value with smaller viscosity of POEs oil used in this study was 
improving, but the life test has not been confirmed. 
(6) The discharge temperature decrease when the viscosity of POEs lubricant drop and the 
lowest temperature appears as the Easter C of ISO VG 10 is used. The reduction ratios are 
3.52%, 4.61% and 5.18% under I, II and III test conditions, respectively. But discharge 
temperature rises up when the use of the Easter D of ISO VG 7. Figure 7 shows the result. 
Friction might rise up when too lower viscosity of lubricant is used and result the 





The performance of a hermetic reciprocating compressor related to the influence of viscosity of 
linear-type of POEs lubricant has been evaluated in this study. The results are summarized as below: 
(1) The viscosity of POEs lubricants used in the R-134a refrigeration compressor influenced the 
E.E.R., cooling capacity and discharge temperature at specified operation conditions in this 
study, the ranges of variation are 1.92~2.76%, 1.28~2.17% and 3.52~5.18%, respectively. 
(2) The compressor filled in ISO VG 7 of POEs oil, the E.E.R. can be improved to maximum value 
in LCR test condition. However, the maximum E.E.R. value occurs at the use of IOS VG10 of 
POEs oil under STD and HCR test conditions.  
(3) When the compressor filled in ISO VG 10 of POEs oil and operated at three conditions in this 
study, the discharge temperature is the lowest always. 
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Table 1: Specifications of the reciprocating compressor used in this study. 
Refrigerant HFC-134a 
Capacity (kCal/hr) 231 
Suction volume (c.c.) 7.9 
Weight (kg) 8.4 
Input Power 110V / 1φ, 60Hz 
Lubricant/Charge Linear-type of POEs / 230 c.c. 
Shell type Low pressure 
 
 
Table 2: Properties of the four synthetic lubricants used in this study. 
Lubricant 
designation Lubricant type 
Volume of oil in 
compressor (ml)
Mid point viscosity 
cSt (mm2/s) at 40℃ Structure type 
Ester A POE of ISO VG 22 230 22 Linear type 
Ester B POE of ISO VG 15 230 15 Linear type 
 
Ester C POE of ISO VG 10 230 10 Linear type 
Ester D POE of ISO VG 7 230 6.8 Linear type 
 













I(LCR) 43.3℃ －17.5℃ 32.2℃ 32.2℃ 32.2℃ 7.5 
II(STD) 54.4℃ －23.3℃ 32.2℃ 32.2℃ 32.2℃ 12.7 




I : Low Compression Ratio Cycle(LCR)
II : Standard Compression Ratio Cycle (STD)

































































































Figure 3: Refrigerant mass flow rate variation with 
lubricant viscosity of POEs. 
Figure 4: Cooling capacity variation with lubricant 














































Figure 5: Input power variation with lubricant 
viscosity of POEs. 



























Figure 7: Discharge temperature variation with 
lubricant viscosity of POEs. 
 
 
